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Motivation—Chemistry in Atmospheric Models
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Motivation—Chemistry and Related Modules
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Designh Goals

* Treat chemistry, partitioning and related processes kinetically as one
system to solve

e Make it flexible

* Usable by modelers and experimentalists

* Portable between models (chamber, plume, regional, global)
* Object oriented design

* JSON configuration files

* Make it efficient
 Scalable chemical complexity
* Condensed data structure
* Porting to GPUs
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Approach—Integrated Chemistry Module
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JSON Configuration Files

* Readily applied to science models

* Industry standard — lots of free tools available
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IltypeH : n
"gas-phase species" :
"aerosol phase" : "

"aerosol-phase species" :

"B [ :
{

"reactants" : {
|IO3II : {} :
|INOII : {}

7
"products" : {

"name" :
"type" : "
"phases" : [ "
"functional groups" : {
"CH2(-OH)" : {
"main group" : "
"volume param" :
"surface param" :
b
"CH2(hydrophobic tail)" : {
"main group" : "
"volume param" :
"surface param" :

3,

{

"name" :
Iltypell : n
"modes/bins" : {
"dust" : {
Iltypell : n ll,
Ilphasesll : [ n n ],
"bins" : &,
"minimum diameter" :
"maximum diameter" :
"SCaIe" : n n
+

"organic matter" : {
“type" : " Y
"phases" : [ "
"shape" : " -
"geometric mean diameter" :

"geometric standard deviation" :




JSON Configuration Files — Arrhenius Reaction

{
"reactants” : {
k "NO3" : {},
NO3 + NO — 2 NO2 }NO - 47
"products” : {
C "NO2" : { "yield” :
k = Ae(T) },

lltypell :
llAll :
llCIl :
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JSON Configuration Files — UNIFAC Activity

{

"name" :

Iltypell :
"phases" : [ "

“main groups” : {
"CHNn(-OH)" : {
"interactions with" : {

] n o, amp (this study)
OH" : ,

"H 2 O n o, CH,, with -OH group  CH,, in hydrophobic tails  CH,, in alcohols OH H,O

CH,, with -OH group 0.0 0.0 00 986.5 2314
} CH,, in hydrophobic tails 0.0 0.0 0.0 986.5 1325
} : CH,, in alcohols 0.0 0.0 0.0 986.5 1890

. . OH 1564 1564 1564 00 2764
"CHn(hydrophobic tail)" : { % —89.71 362.1 162.3 ~1530 00

"interactions with" : {

I|OHII : ’
"H20" :

Conie acional de Suparcampuiscién Marcolli, C., & Peter, T. (2005). Atmos. Chem. Phys Discuss, 5(2), 1501-1527.



Object-Oriented Design
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Object-Oriented Design

Chemistry Module

SIMPOLPhaseTransfer
Ic Troe
ir | Arrhenius
G ir Ic Arrhenius

Ci C ir load()
.. G Ci initialize()
.. C: calc_derivative()

/ .. calc_Jacoobian()
integrated
chemical PDFITE
mechanism UNIFAC
\ ir load()

initialize()
.. update()
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Aerosol Representations in Chemical Models — Challenges
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Aerosol Representation Abstraction — Approach

Model
State

Modal |
load() gas-phase species
initialize()
effective_radius()

mode 1 — black carbon

mode 2 — organics

number_concentration()

mode 3 —inorganics

llnamell : n

{

Ilnamell : n

< AerosolPhase
llnamell : n

g | AerncnlPhace
{ AerosolPhase

Ilnamell : n

' i I
||type" : n ||, )
"species" : [ il |oad()

_initialize()



Aerosol Representation Abstraction — Approach

Model
State
Binned . _
g load() gas-phase species

bin 1 — black carbon

n bin 1 —organics

R bin 1 —inorganics

I IIIII initialize()
effective_radius()
oM.

number_concentration()

radius
bin 2 — black carbon
Binned n bin 2 — organics

Bl bin 2 —inorganics

{ .
"aame" s " . . bln 3 T e

{

Ilnamell : n
AerosolPhase
AerncnlPhace

{ : I' AerosolPhase

{

llnamell : n

||name" : n ’ i I‘
||type" : n ||, .
"species" : [ il |oad()

_initialize()




Aerosol Representation Abstraction — Approach

Model
State

. gas-phase species
particle 1 — black carbon

n particle 1 — organics
Bl particle 1 —inorganics
particle 2 — black carbon

n particle 2 — organics
BN particle 2 —inorganics

. particle 3 — ...

ParticleResolved

AerosolPhase
"name" : " - AerncnlPhacge

¢ : AerosolPhase

llnamell : n
lltypell : n

"species" : [
n n n




Work Flow — Initialization

SINMPOI PhaceTrancfar
TroneReartinn

ArrheniiicReartinn

UNIFAC
"reactants" : { 2
"03" : {}, . PNEITF

, Mot G N MassOnlyBinsModes

"products" : {
"NO2" : {}

7

"type" : "

"A"

"B" :

"C"

)

* Single dense data block
* Species indices
. Fixed parameters I
 Environment-dependent parameters - _
e e etc.

Conre Haciona) ds Bupareamputacién Condensed Data Structure




Porting to GPUs
* Solving chemical mechanisms --.-

involve repeated calculations
r Condensed Data Structure

of contributions from
dvanc
te

hundreds or thousands of
individual reactions

e Approach: simultaneously
solve for multiple grid cells
by spreading reaction
calculations across GPUs

[( Cenlm MNacional de Suparcamgulacion




MONARCH: On-line Weather—-Chemistry Model

— Janjic and Gall (NCAR/TN 2012)
: NCEP/NMMB
— Janjic and Vasic (EGU2012)
— Janjic et al. (MWR 2011)
— (...)

— Pérez et al. (ACP 2011)

— Haustein et al. (ACP 2012)
— Spada et al. (ACP 2013)
BSC/Chemistry AEROSOLS — Spada et al. (AE 2014)

— Spada (2015)

— DiTomaso et al. (GMD 2017)

VOLCANIC ASH — Marti et al. (ACP 2016)

. — Jorba et al. (JGR 2012)
GAS-PRASE — Badia and Jorba (AE 2014)

CHEMISTRY — Badia et al. (GMD 2017)
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Chemistry Module — Overall Workflow

* Change the chemical mechanism

without recompiling tresctants' i ¢
* Vary mechanism complexity based on y, oY
conditions/location | "F?rf’ﬁéczt"s o
* Compare mechanisms in real time Load input files ' hypen e
into model

 Use same mechanisms across models
(MONARCH, PartMC, etc.) changing only
Aerosol Representation JSON

objects

SIMPOI PhaceTrancfer
TroneReartinn
ArrheniiicReartinn

UNIFAC
PNFITF

MassOnlyBinsModes

favorite PartMC‘\

Condensed Data Structure
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The PartMC library is available at: https://github.com/compdyn/partmc
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Check out our on-going development!
With Docker® installed:

@
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Start 14:
Test #14:
Start 15:
Test #15:
Start 16:
Test #16:

Start 21:
Test #21:

Start 23:
Test #23:
Start 25:
Test #25:
Start 26:
Test #26:

test_rxn_HL_phase_transfer
test_rxn_HL_phase_transfer
test_rxn_PDFiTE_activity
test_rxn_PDFiTE_activity
test_rxn_photolysis
test_rxn_photolysis

test _sub_model UNIFAC
test _sub_model UNIFAC

test_chemistry_cb@5cl_ae5
test_chemistry_cb@5cl_ae5
test MONARCH_1
test MONARCH_1
test MONARCH_2
test MONARCH_2

> git clone https://github.com/compdyn/partmc.git

> c¢d partmc

> git checkout chem_mod

> docker build -t try-out-chemistry .

> docker run -it try-out-chemistry bash

> cd build Start 13: test_rxn_first_order_loss

> make test Test #13: test rxn_first order_loss Passed

Passed

Passed

Passed

Passed

Passed

Passed

Passed



